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(54) Supported metallocene catalyst for the (oo)potymerization of alpha-def ins 

(57) A supported catalyst for the (co}polym8ri2ation 
of alpha-oleflns is obtained by putting tie following 
products In contact with each other: 



(A) a metallocene derivative of a metal selected 
fiom the group consisting of transition metals and 
lanthanidBs. which is in Hself capai3le of promoting 
the polymerization of alpha-olef ins In the presence 
of or also without suitable activators; 

(B) an active support containing magnesium, halo- 
gen, titanium and smaDer quantities of tin; 

(C) an organcmetal derlvativB of aluminium of 
which at least 50% of the aluminium atoms are 
bound to at least one alKyl cart)on atom. 

Components (A) and (B) are preferably interacted 
first to obtain a supported metallocene derivative, which 
is then put in contact with (C) to obtain the desired cat- 
alyst. AltemativBly. (B) and (C) are interacted and sub- 
sequently put in contact with (A). 

This catalyst Is capable of polymerizing olefins with 
an extremely high activity in the presence of relatively 
limited quantities of aluminiun, to produce Onear poly- 
mers with a high average molecular weight and contrd- 
led particle size, having a particularly favourable 
oonnbtnation of rhedogical and mechanical properties. 



Q. 

UJ 



Piimtdby Rank Xtrai (UK) BusbtMa 39ivtc»» 



EP0785 220A1 



D83crl|ition 



The present iiwention relates to a supported metallocene catatyd for the (co)polymeri2ation of atpha-oleTms. 
More specSically, the present invention relates to a catalytic system which is active in homo- and oo-pofymerization 
5 processes of a-oleflns comprising a matailocene compiax of a transition metal, supported on a solid oomprislng mag* 
nesium chloride. 

It is generaily known in the art that aiphaK^lefins can be polymerized by prcx:esses at lew, medium or high pressure 
with catalysts based on a transition metal, generally known as catalysts of the Ziegier-Natta type. 

A particular groif) of these catalysts, generally having a relatively high polymerization activity, consists of a combi- 
w nation of an organo-oxygenated derivative of aluminium (commonly called aluminoxane) with an r|^-cyclopantadieiiylic 
derivative of a transition metal, also oonnmonly called metalloc&ie, definable in its more general form with the fdlowing 
formula: 



wherein M represents a metal of group 4 of the periodic table of elemerrts, formally in the oxidation state 44, and is pref- 
erably titanium or zirconium; and each independently represent a group of an anionic nature such as, for exanv 
pie, a hydride, a halide. a phosphonated or suKbnated anion, an aikyt or alkoxy groupi an aryl or aryloxy groi|3, an amkje 



2s group, a silyl groupi etc: Cp independently represents a binder of the ii^-cydopentadienytic type and is generally 
selected from ii^-cydopentadlenyl, n^-indenyl, T)^-fluorenyl and their derivativBs variously sut)stituted; R^, Independ- 
ently of the nature of the other substituents. can have one of the meanings of either the binder Cp. or the R^ or R^ 
groups. "Bridged" metallocenes have proved to be of particular interest in the known art, wherein the two groups Cp 
and R3. the same or different, are bound by a cGvalerrt bridge which usually also comprises other cartxsn atorr^ or het- 

30 eroatoms. For a known method for the preparation of the above compounds, reference should be made, as an example, 
to the publication of H. Sinn. W. Kaminslcy. in Adv. Organomet Chem., vol. 18 (1980), page 99 and to U.S. patent 
4.542.199. 

The catalytic systems based on metallocenes normally allow high polymerization activities to be reached In the 
presence of an alumtncxane in great woIrt excess with respect to the metal M. with an atomic ratio Al/M usually of 
3S between 1 000 and 5000. This leads to the presence of a relatively high quantity of aluminium in the polyolefins thus 
obtained, consequently making them unsuitable for numerous applications in which the presence of metal tons cannot 
be tolerated, such as. for example, then insulating properties or alimentary compatibility are required. 

In addition, alumlnaxanes. and In particular methyfalumlnoxane which Is the activator normally used, require rela- 
tively difficult synthetic and conservation methods, making their use inconvenient in various applications with respect to 
40 the less costly traditional catalytic systems based on titanium or vanadium chloride and atuminoalkyla 

A second disadvantage related to the use of metallocenes In the polymerlzalton of olefins derives from the fact that 
these nonnally operate in solution, producing a dispersed polymer with a high content of finee and consequent difficulty 
of subsequent processing. To overcome this inconvenience numerous methods have been proposed for supporting 
metallocenes on solid materials with a controlled part'cle size such as silica, alumina or magnesium chloride, but these 
45 however do not fully satisfy the desired requirements owing to the difficulty In stably supporting the mataDooene and 
also due to the diminished activity of the catalyst thus produced. 

The preparation of Ziegler-ISiatta type catalysts is also known In the art. by interacting a compound or a transition 
metal, particularly a titanium alkyl or aikoxide. or a titanocene, with the solid reaction products between a magnesium 
alkyl and a halcgenating agent as described tor example in published European patent applications EP-A 1 04.340. EP- 
so A 2091 04 and EP A 588.404. 

Catalytic systems have also been experimented in the art based on the combination of a metallocene of a transi- 
tion metal with a sold component of catalyst containing titanium, magnesium and halogen, which are active in the pres- 
ence of aluminoxane, as descrbed for example in published European paten! application EP-A 439.964. Also in this 
case however, the problems relating to the use of metallocenes have not been completely solved, especially regaixSng 
55 the considerable quantity of MAO necessary for giving sufficient activity, as well as the characertistics of the polymer 
obtained, with respect to the molecular weights and their distrbution. 

EquaOy well-known Is the preparation of catalytic oomponents for the polymerization of def ^ by the treatment of 
solkf products deriving from anhydrous magnesium dilorlde, an electron-donor and titanium compounds (IV) with liquid 
halides of boron, aluminium, gallium, indium, taliium. tin or antimonium in the higher oxidation etate. as desalbed for 
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example in pidsliGhed European patent application 29.623. A. V. Kryshanovekii et al., Okht, Nauchno-Proizvod "Plast- 
poGmer", Kinet Katal. 1990, 31 (1). 108-12, Buggest Itie modSication of a catalyst based on titanium tetrachloride and 
magnesium chlonde with tin tetrechloride to increase the reactbn order with respect to the concentration of ethylene. 
According to the Italian patent 1 .153.856. the organometal conpounds of tin hydride can increase the productivity of 

5 the catalyst when used in homogeneous catalytic systems based on compounds of vanadium, In the copolymerization 
of ethylene with propylene. It is also known that chlorirrated compounds such as sifioon tetrachloride and tin tetrachlo- 
ride produce magnesium chloride by Interaction with magnesfum alkyls or magnesium alkyi halldes. TTie most widely 
studied reaction is MgR"* or MgR^X with R*(4.n)SICIn, wherein , R^ and R^ are allele groups and X Is a halo- 
gen. Similarly Eaborn C.E. in "Organo Silicon Compounds". Buttenworths Scientific Pubblications, London 1969; 

10 Rochcv E. G. In "The Chemistry of Silicon^ New >brk 1975: and Woorhoa^e R.J.H. In ''Organosilanes". Elsevier. New 
VbrK 1987, describe an exchange reaction between a magne&um cfiaikyt, or a halide of magnesium alkyl. and sifioon 
tetrachloride, which produces a soiid non*orystaIRne compound. Nona of the above publications however menttons met- 
allocene compounds of transHion metals. 

The Applicant has now surprisingly found that a new group of supported metallocena catalysts Is capable of pdym- 

75 erizing olefins with an extremely high activity, to give finear polymers with a high average molecular weight and control- 
led particle size, having a particularly favourable combination of rheological and mechanical properties. 

A first object of the present invention consequently relates to a supported catalyst for the (co)polymeriza1k)n of 
alpha-defins, comprising the foDowIng components in contact with each other: 

20 (A) a metallocene derivative of a metal selected from the group consisting of transition metals and lanltianidee, 
capable in itself of promoting the polymerization of alpha-olefins in the presence of or without suitable activators; 

(B) a solid component obtained by a process comprising the following steps: 

(i) contact In a solution of an inert organic solvent, of a magnesium diaikyi, or magnesium alkyl halide. a tin 
25 (IV) halide and optionally also an alkyi halide, with an atomic ratio between the tin, in said tin halide. and the 

magnesium, in said magnesium diaikyi or magnesium alkyl halide, of between 0.1 :1 and 50:1 , and with a molar 
ratio between said optional alkyl halide and tin halide lower than or equal to 10:1 , unta the formation of a gran- 
ular solid containing halogen, magnesium, and tin; 

(ii) contact of said granular solid and its interaction with a titanium halide, alkcodde or halogen-alkoxide, with an 
30 atomic ratio between the magnesium, in the granular sofid, and the titanium, in the titanium compound, of 

between 0.01 :1 and 60:1, to obtain a solid containing titanium, magnesium, hak^gen and tin, the metals being 
in the following atomic ratio: Ti/Mg/Sn » 1/{0.5-60)/(0.001 -5.0); 

(C) an organometallic derivative of aluminium of which at least 50% of the aluminium atonrs are bound to at least 
3S one alkyl carbon atom. 

TTie term '(co)polymerization of alpha-olefins" as used hereafter in the description and claims, refers to both the 
homopolymerlzalion and the copolymerization of alpha-olefins with each other or with another ethylenically unsaturated 

polymerizaWe compound. 

40 The metallocene derivative (A) of the present invention is an organometal compound of a transitk)n metal or a lan- 
thanlde, preferably of a metal selected from Tl. Zr, Hf and V, characterized by the presence of at least one t)^-cyciopen- 
tadienyl group co-ordinated to the metal, and by its capacity of promoting the polymerization of alpha-olef ra either as 
such or combined with a suitable activator, normally consisting of an organo-oxygenated compound of a metal of 
groups 13 or 1 4 of the periodic table. Ttiese organo-oxygenated compounds are or^ometal. monomeric or polymeric 

45 derlvathres, containing at least one oxygen atom bound to a metal of group 13 or 14 of the periodic table, sudh as, for 
eacample. aluminoxanes. especially methylaluminoxane, galloocanes or stannoxanes, which are commonly used as co- 
catalysts of many catalytic systems based on metallocenee. 

The elements siikx)n and cartx)n, belonging to group 14 of the periodic table of elements, are not considered as 
metals in the context of the present invention. According to the present invention, the term ^transition metals' refers to 

so metals of groups 3 to 1 0 of the periodic table, whereas lanthanldes" are metals having an atomic number of between 
57 and 71. 

Metallocene derivatives (A) ae defined above are known and have been wridely d^oribed in literature. An ample 
description of these compounds and the methods for their preparatioa which however does not limit the scope of the 
present invent'ton, is provided, for example, in the publications: "Journal of Organometalfic Chemistry", vol. 479 (1994). 
ss pages 1-29: "Angewangte Chemie, International Editbn EngDsh", vol. 34 (1995), pages 1143-1170; "Chemistry and 
Industry" vol.21 (1994) page 857 onwards; "Journal of MacromolecuJar Science, Rev. Maaomolecular Physics", vol. 
C34(3) (1994) pages 439-514, which are just a few of the most recent ores. 

Metallocenes suitable ibr the preparatton of the catalyst of the present invention are. for eDcample, those having the 
following general formula (il): 
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(R"')x ^M— (R')n (II) 



ro 

wherein: M represents a metal selected from the metals d groups 3 to 5, or of the group of lanthantdes in the peri- 
odic table of elements; 

Cp is an anion containing an ri^-cyclopentadienylic ring coordinated to the metal 
IS each of the n R' independently represents a substituent group selected from hydride, halide. a -Ca allcyl 

group, a C3-C12 alkylsilyl group, a C5-C8 cydoalkyl group, a Cg-Cio aryi group, a Ci-Ca altacyl group, a 
CrCs carbcpcyl group, a C2-C10 dialkylamide group and a C4-C20 all^ilyiamide group; 
R" represents a substituent group of the same kind as the precedng R* groups, independently selected 
from these, or a second anion containing an n^K:yciQpentadienic ring co-ordinated to the metal 1^; 
20 R"Vepresent8 a divalent gro^p having from 1 to 10 carbon atoms, possibly containing one or more heter- 

oatoms, preferably O. N, P or Si. which is bridged between Cp and R" with a covalent bond. R^s preferably 
selected from alKytene. dalkytsilylene. diarylsilylene. alkyl- or aryl- amino or phosphino radicals, arylene. 
aryiene-bis^lkytene radicals and the like; 
"n" is an integer and is equal to the valence of M less 2; 
25 VcanbeOorl. 



In the compounds having the atx)ve formula (II). when V is 0 the two R" and Cp groups are not brfgded to each 
other. Typical but non-limiting examples of R" are methylene. 1 ,2-ethylene. dimethylsilylene groups. 

The metal M In the oorrpound having formula (IQ is preferably selected from titanium, zironcium. hafnium or vana- 
30 dium. Also compounds having fbnmila II in which M is a lanthanide have proved to be suitable for the preparation of the 
catalyst of the present invention. 

According to the present invention, the R' groups having formula (II) can each independently represent a hydride 
or halide, such as chloride or bromide, a C^Ca alkyl group such as, for eicample, methyl, ethyl, butyl, isopropyl, isoamyl, 
octyl. benzyl, a C3-C12 alkylsilyl group such as. for example, trimethylsilyl, triethytsilyl or tributylsllyl, a cydoalkyl group 
3S such as cyclopentyl or cydohexyl, a Cs-Cio aryl group such as phenyl or toluyl. a Ci-Ca alkoxyl group such as. for 
example, methoxyl, ethosTi, iso- or sec-butcDcyl. or a C2-Cio dialkylamide or C4-C20 all^silylamide group, preferably of 
the type which can be represented with the general formula -NR^R^ wherein R^ and R^ are aDcyl groups having firom 1 
to 4 cartx)n atoms, such as for example, methyl, ethyl or butyl groups, or, In the case of alkylsilylamides, alkylsilyl groups 
having from 3 to 6 carbon atoms, such as for example, trimethylsilyl or triethytsilyl. The R' groups, when "n" is equal to 
40 2, can also be joined to each other with a covalent bond to form a cyclic structure comprising the metal M. (R*)2 groups 
of this latter type are. for example. 1 ,4-tetranielhyl8ne. ethylenedioxide or malonate groups. 

The R* groups having formula (If) preferably represent a radical selected from cNoride. methyl, benzyl and diethyl- 
amine. 

In a particularly preferred form the R* groups are equal to each other. 
46 According to the present Invention, the Cp group In formula (I I) Is an anion oontalning an 11^-cyclopentadienyllc ring 
whteh can be obtained by the extraction of a hT Ion from the cydopentadienyl ring of the compound having the corre- 
sponding neutral molecular structure. Cp preferably represeiTts cydopentadiene, indene or f luorene, or a derivative of 
one of the above compounds, wherein one or more carbon atoms of the rTX)lecular skeleton (included or not in the 
cyclopentadienyl ring), are substituted with CfC^s alkyl or silylalkyi groups, or Ce-Cjo aryl or aryloxy groups, or Ci-Ca 
so alkoxyl groups. This Cp group can also be condensed with one or more other aromatic rings as In the case, for SKample, 
of 4,543enzoindenyl. Typical, but non-limiting, examples of these C^ groups are cyclopentadienyl, indenyl, 4.5,6,7-tet- 
rahydroindenyt, f luoreriyl groups and the corresponding methylsubstituted groi4». 

As previously defined, R" in fDrmuIa (II) can represent either a group induded in the above definition of group R*. or 
preferably, a group induded in the atx)ve definition of Cp. In this latter case R** can be indifferently a cyclopentadienyt 
55 anion the same as or different from Cp. 

When Y=1 , the group R" is bound lo the Cp group by the bridge R"*, in which case it evidently represents a group 
Induded in the definition of R' or, C^^ respectively, but having a position substituted by the bond wHh the bridge R"'. 

Metallocenes having the abcve formula (II) are generally known in the art and can be prepared with one of the usual 
methods suitable for the case, described in specific literature on metallocenes, such as, for example, the references 
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previously mentioned, or in the vasl patent literature relating to the use of metallocenes in the polymerization of olefins, 
generally known to experts in the field. 

Non-limiting examples of suitable metaOooene compounds of the present invention are the complexes having the 
following formulae: 

5 

(ll^-C5H5)2TiCl2 (n^-THInd)22rCl2 

{Ti5-C5H5)2ZirCl2 l1,2"en(Ti5-lnd)2jZrCl2 

10 (il®-lnd)Zr(NMe2)3 [Ph2Si(ii^-lnd)2lZra2 

[Me2Si(n^-lnd)2]Hfa2 [PM^-C^^i^^-FluiVTClz 

IM02Si(Ti5-C5Me4)(NBu^FICl2 (il^-C5H5)2ZrCI(NMe2) 

75 

(Ti^-CsMesteZrMefe (Ti^-CsHsjgTiaMe 

[1,2-en(Ti^-THInd)2lZrMe2 [1 .Z-enCit^-lndfelTlMeg 

20 (il^-CgM^TiCIa [0-xen(Ti5-lnd)2lZirCl2 

in the above formulae the following abbreviations were used: Me^methyl, Et=ethyl, BuMert-butyl. Bz^benzyt, 
Pr'=.2,2-i60propylidene, lnd=indenyl, THInd=4.5,6,7-tetrahydro-indenyl, Flu^^fluorenyl, 1,2-ens1 ,2-ethylidene, 
Ph2SI=d!phenylsilylene, Me^U dimethylslIylBne. o-xen=ortho-xylyiene. 
25 Component (B) of the catalyst of the present invention consists of the active solid on which the metallocene (A) is 
supported. It contains magnesium, titanium, halogen (preferably chlorine) and smaller quantities of tin. To obtain the 
special characteristics of this active sipport, its preparation process comprising steps (i) and (ii), as previously outlined, 
is critical, according to the present invention. 

In step (i) of this process a granular solid is precipitated from a solution, in an Inert organic solvent, of a magnesium 
30 dialkyf or magnesium alkyi haOde, a tin halide and possibly also an alkyi halide. 

Magnesium dialkyls suitable for the purpose are preferably compounds definable with the formula MgR^pR^(2-p)* 
wherein and each independently represent an alkyt gmupv linear or branched, containing from 1 to 10 cartxm 
atoms and "p" is a decimal number between 0 and 2. Spedfic examples of magnesium diaikyi are: magnesium dieihyt. 
magnesium ethyl butyl, magnesium dihaxyl, magnesium butyl octyt and magnesium dioctyl. 
3s Magnesium alkyi halkles suitable for the purpose are preferably compounds having the formula MgR^qX^g^). 
wherein represents an alkyi groups linear or branched, containing from 1 to 10 carbon atoms, X is a hatogen. pref- 
erably chtorine. and "q" is a decimal number equal to or greater than 0.5 and less than 2. Typical examples are magne- 
sium alkyi chlorides (or Grignard reagents) such as magnesium ethyl chk)r{de or magnesium butyl chlorkia 

Magnesium dialkyls or magnesium aikyl halkfes suitable for the present invention are known compounds and the 
40 methods for their preparation are generally desaibed in organometal chemical treatises of magnesium, as for example, 
In the publlcatk)n of J.Q.EIsch and R.B.King, on "OrganObTtetaOic Syntheses". vd!.2 (1981), ed. Academic Press. 

Tin halides which are suitable for the purpose are tin chlorides and bromides and tin tetrachlorkf e is preferably 
used. Preferably, in step (i), an atomic ratio t>etween the tin and magnesium witNn the range of 1 :1 and 1 5:1 . is used. 

Possible aikyl halki^ suitable for the purpose are alkyi chtorides and bromides, primary, secondary and tertiary, 
45 where the alkyi group, linear or brandied. contains from 1 to 20 carbon atoms. Spedfte examples of all^ halides are 
ethyl bromida. butyl chtoride. hexyl chlorkle. octyt chtorUe and cyclohexyl chloride. 

The solvents used for dissolving the above compounds are organic solvents which are liquid under the operating 
conditions and Inert (non-reactive) towards the other components. Examples of suitable solvents are hydrocartxjns. 
preferably aliphatic hydrocarbons having a boiling point of less than 150°C, such as for example, pentane. isopaitane. 
so hexane, cydohexane. heptane and octane. 

In a practical form of embodiment of step (i), a solution of magnesium diaikyi or magnesium aikyl halide and pos- 
sibly alkylic halide in the pre-selected organic solvent, is prepared; the tin haOde is added to tTtis solution at a tempera- 
ture of between -60 and +30*0; the mixture is then maintained at a temperature of between -30 and +120*C until a 
granular solid is formed. In practice, under the conditions indicated above, a practically complete precipitation is 
ss obtained In a time of atx)ut 10 minutes to 5 hours. 

The granular solkf precipitated in step (i) is conveniently separated from the Ikjuid phase and thoroughly washed 
with an inert lk]uld solvent for example a volatile hydrocartion solvent such as pantane. hexane or heptana 

During the predpftation reaction of step (Q, according to the present invention, it was possible to assert, by X-ray 
analyses, that a solid product (support) is formed, consisting of a nruxture of MgCl2 in Hs a and 5 form and a basically 
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non-crystalline oonpound. again containing magnesium chloride, whose structure was not determined. 

According to a particular fonn of embodiment of the present invention, the preclpitBtion in step (i) Is carried out In 
the presence of a solid material in particles, preferably consisting of a porous, granular, inorganic oxide. This porous, 
granular solid is preferably selected from silica, alumina, siiioo-aluminates* phosphated alumina, molecular sieves. Par- 

5 ticularly preferred Is miaospheroidal silica (average granule diameter 20-100 pun) having a BET surface area of 
between 1 50 and 700 m^/g. a total porosity of >80% and an average pore radius of between 2 and 50 nm. 

The porous granular solid ie preferably suspended in the solvent In which the reaction between the tin haBda and 
magnesium alkyi takes place. In this way. at the end of step (i). a granular solid is obtained, in which the magnesium 
halide is supported on an inert support, preferably having a high area per volume unit and a high porosity. 

10 This inert support can undergo an activation process before being used In step (i), in order to obtain a surface with 
a morphology and chemical composition particularly suitable for the purposes ol the present invention. During the acti- 
vation process the humidity and hydroxide groups present on the suiiace of the inert support are at least partiaily neu- 
tralized or eliminated up to a controDed and reprodudble level. 

For example, this activation process can consist in a treatment with a solution of an alKylderivBtive or an alkyl-haOde 

15 of a metal selected from the metals of groups 1 . 2 or 1 3 of the Periocfic Table of Elements, such as a nmgnetium diatkyi , 
a magnesium alkyk:hloride, an aluminium trialkyi or an aluminium aikylchloride. in a liquid, aliphatic hydrocaiton sol- 
vent, such as pentane. isopentane. hexane, heptane and octane. It is convenient to operate with a quantity of this alkyi* 
derivative or alkyl-halide of between 1 0 and 25 parts by weight for every 1 00 parts by weig ht of granular si^jpbrt putting 
the reagents In contact at a temperature of between -30 and 120''C, for limes of between 0.5 and 5 hours, and prefer- 

20 ably at a temperature of between 40 and 80<'C, for times of between 1 and 2 hours. At the end of the treatment, the acti- 
vated support is recovered, for example by filtration or decanting. 

Alternatively, the granular support can be thermally activated, by heating in an inert atmosphere, at a temperature 
of between about 100*^0 and about 800''C. tor a time of from 1 to 20 hours. It is preferable to operate with a support 
activated by heating In an inert atmosphere (nitrogen) at a temperature of about eoo^C for a time of about 6 hours. 

25 In another iom of embodiment of the present invention, the support is activated by treatment with a solution, in an 
Inert hydrocarbon solvent, of a tin tetrahalide. operating with a weight ratio between the tin tetrahaiide and the support 
of between 1:1 and 20:1. atatemperature of between -30 and 60*C,1bratime which issuHicienttoreactatleastapart 
of the hydroxyl groups of the support, as can be verified by the attenuatbn or disappearance of the hydroxyl band when 
subjected to infrared rays. It is preferable to operate with tin tetrachloride, at a temperature increasing from about '20^'C 

30 to room temperature (20-25''C) for a time of 1 to 3 hours. More specifically in practice the granular support can be sus- 
pended in an inert hydrocarbon solvent euch as pentane, isopentane. hexane. heptane and octane and the resulting 
suspension cooled to a temperature of about -20''C. Tin tetrachloride is added to the cooled and stin-ed suspension, in 
molar excess with respect to the total of the hydroxide groups present on the suifece of the support At the end of the 
addition the suspension is maintained under stirring for about 1 hour at -20^C, for a further hour at O^C and the temper- 
as ature is then left to rise to room values (20-25'^C) and the suspension is stirred at this temperature for another hour. An 
activated support is thus obtained which is separated from the liquid, for example by decanting, filtration or centrifuge- 
tion and 8ut)iected to washing with hydrocaiton solvent, for example perrtane or hexane, before being dried. 

In another form of embodiment of the present Invention, the Inert support Is silanlzed by treatment with a sllazane 
(8ilane containing at least ore atom of aminic nitrogen) such as. for example, hexamethytdisilazane, heptamethyldisila- 

40 zane, nonamethyttrisilazane, 1.1,1-trielhyl-3,3,3-trimethy!di8ilazane. etc. In particular, a suitable quantity of silazane 
(preferably in slight molar excess with respect to the surface hydroxide groups) Is added to a suspension of the support 
in an inert solvent, preferably an al'^atic hydrocarbon, and the mixture is left to react for a period of between 30 min- 
utes and 4 hours, at a temperature ranging from room temperature to 1 0O^C, preferably at the reflux temperature of the 
solvent The silanized support is then separated by fiHration or decanting and dried. 

45 In step (11). the granular solid comprising the magnesium haGde obtained as desalbed above. Is put In contact and 
reacted with a titanium compound selected from the halides, alKoxides and halogen alkoxides of titanium. Among the 
titanium alKoxidee or halo-alkoxidee. those in which each alkoxide group has from 1 to 20 carbon atoms are prefened. 
Specific examples of these compounds are: titanium tetrachloride, titanium tstrabromMe. titanium tetra-n-propyiato. tita- 
nium tetra-n-butylate. titanium tetra-i-pnopylate. titanium tetran-butylate and the corresponding titanium mono-or di- 

60 chloro alkoxides and mono- or dl-bromo aikoxkies. Mbctures of two or more of the above titanium compounds can be 
used. The preferred titanium compound is titanium tetrachforide. 

According to a practical embodiment of step (iQ the granular solid can be suspended in an inert organic sohrent, 
such as a hydrocarbon solvent of the aBphatic type, for exanple hexane. heptane, octane, eto. and the titanium oom- 
pound, possibly dissolved in the same solvent or in a similai solvent, is added to the suspension, or the granular solid 

55 can be directly suspended, without the solvent, in a liquid titanium compound selected from tfiose mentioned above. 
The suspension thus obtained is maintained at a tenperature of between 50 and 120''C and preferably between 60 and 
90^C for a time of between 0.5 and 5 hours and preferably tor about 1 -2 hours. In this way a solid is obtained containing 
titanium, magnesiunx halogen and smaller quantities of tin. which is particularly advantageous as an active siipport of 
a metaliocene, which can be recovered from the relative suspeneon for exanple t>y evaporating the organic solvent at 
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atmospheric pressure or at reduced pressure, or by ffltration, eepeciaOy if step pi) is carried out without a solvent, and 
sul)sequent washing with a volatile solvent which is then evaporated. 

Component (C) of the present invention is an organic compound of aluminium in which at least 50%, preferably at 
least 90% of the metal atoms are linked to a carbon allelic atom. 

5 This compound Is preferably selected from aluminium alkyls or alKylhalldBs In which each alkyi group has from 1 to 
10, preferably from 1 to 5. cartxsn atoms, and from organo-oxygenaled derivatives of alurrtnium, particularly aluminox- 
anes. The catalyst of the present invention, comprising a transition metallocene, is surprisingly active bolh when com- 
ponent (C) is an aluminium alM or alkylhaWe. and also when it is an aluminoxane, contrary to what is normaOy 
indicated in the art. acobiding to which a metaDocena is a valid catalyst for the polymerizatlan of olefins only when It is 

70 oonWned with an aluminooeane. It has also been surprisingly observed that the catalyst of the present invention does 
not comprise a mixture of two catalytic systems, one based on titardum which can be activated with aluminium alkyi and 
the other based on a metallocene which can be activated wHh aluminoxane. but seems to consist of a single catalytic 
system, pr^mably comprising titanium, magnesium and the metallocene, which is active both in the presence of alu- 
minium alkyls (or alkylhalides), and in the presence of aluminoxanes. 

75 Aluminium alkyls or aluminium alkyi halides which are suitable as component (C) of the present invention can gen- 
erally be defined with the formula: AIR^gZa-^, wherein is a OyO^o group, linear or branched; Z is a chlorine, 
bromine or iodine atom, preferably chlorine; and "z" is a number varying from 1 to 3, and is preferably between 2 and 3. 

preferably represents an alkyi group containing from 2 to 8 cartxjn atoms and Z represents the chlorine atom. 
Non^imiting examples of these aluminium compounds are: aluminium triethyl, aluminium tri-isobutyl. aluminium tri-n- 

20 hexyl. aluminium tri-n-octyl, aluminium diethytehbride, aluminium dibutylchloride, aluminium-ethyl sesquichloride. alu- 
minium cfHso-butyl chloride and alumiruum di-n-octyl chk)rld& 

The organo-Qxygenated derivatives of aluminium suitable as component (C) of the present Invention are com- 
pounds in which the metal is bound to at least one oxygen atom and at least one R® organic group consisting of a linear 
or branched CrCio alM- Acooidlng to the present Inverrtlon. this organo-oxygenated derivative of aluminium is prefer- 

25 ably an aluminoxane. As is known, aluminoocanes are compounds containing AI-O-AI bonds, with a variable ratio 0/Al. 
which can be obtained In the art by the readton. under controlled conditions, of an aluminium alkyi, or aluminium alkyi 
haOde, with water or other compounds containing controlled quantities of available water, as for example in the case of 
aluminium trimethyl. with a salt hydrate, such as aluminium sulfate hexahydrate, copper sulfate pentahydrate and iron 
sulfate pentahydrate. The aluminoxanas which are preferably used for the fomiation of the polymerization catalyst of 

30 the present invention are oligo- or poly-meric compounds, cyclic and/or linear, characterized by the presence of repet- 
itive units having the formula: 

I 

-(Al-0)- 



wherein is a C1-C4 alkyi group, preferably methyl. 
40 Each aluminoxane molecule preferably contains from 4 to 70 repetitive units which need not all be equal to each 
other, but can contain different R^ groups. 

These aluminoxanee. and particularly methylaluminaxane are compounds which can be obtained with the known 
organometal chemical processes, for example by the addition of aluminium trimethyl to a suspenston in hexane of alu- 
minium sulfate hydrate. 

45 Aoconling to the present Inventton, a mixhjre of an aluminium alkyi or aikylhaDda and an aluminoxane can also be 
advantageously used as component (C). 

Components (A), (B) and (C) described above can be combined in different ways, each forming a variation in the 
process for the preparation of the catalyst of the present Invention. 

A further object of the present invention therefore relates to a process for the preparation of the above catalyst for 
so the polymerization of olefins, whteh comprises putting components (A), (B) and (C) In contact with each other and react- 
ing them according to one of the following procedures: 

(1) interacting components (A) and (B) to obtain a supported matalbcene derivative, and subsequently interacting 
the product obtained with conponent (C); or 
55 (II) Interacting components (B) and (C) to obtain a supported organometallic derivative, and subsequently interact- 
ing the product obtained with component (A). 

According to a preferred fonn of embodiment of the first procedure of the preparation process of the catalyst, com- 
ponent (A) and component (B) are put in contact, preferably in the presence of an inert solvent, more preferably an aro- 
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matic or aliphatic, hydrocaiton solvent at a temperature of between room temperature and 100*C. for a time wWch is 
sufficient to saturate the adsorption capacity of the solid support generaDy between 30 minutes and 5 hours, preferably 
between one and three hours. 

According to the present invention, components (A) and (B) are preferably combined so that the atomic ralio 

5 between the magnesium in (B) and the transition metal In (A) Is between 1 000:1 and 1:1. 

The sond product resulting from the interaction of (A) and (B) is subsequently put in contact with (C) in such pro- 
portions that the atomic ratio between the aluminium in component (C) and the transition metals present in the solid is 
within the range of 1 0 to 5000, preferably lirom 50 to 2000, more preferably from 1 00 to 1 000. This contact step between 
(A) -f (B) with (C) is normally carried out in the presence of a liquid medium, preferably consisting of a hydrocarbon. 

w which OTi also be one of the monomers which is polymerizable wHh the catalyst for the times necessary tor produdng 
the desired activation, which are normally between 2 seconds and 5 minutes, at temperatures of between -SO'C and 
-i-150^C. There does not appear to be any further increase in activity ibr contact times of more than 5 irtinutes, but it is 
advisable for the contact between the supported component deriving from (A) and (B) and component (C) to be main- 
tained at least until the polymerization and, possibly, eyren during this. 

15 As is generally known in the art. a small portion of component (C) can also act as scavenger of the inhibiting agents 
of the catalyst which may be present in the polymerization envinonment 

In the prefen^ed embodiment of the second procedure of the process for the preparation of the catalyst of the 
present invention, components (B) and (C) are mixed and maintained in contact, in the presence of an inert hydrocar- 
bon, preferably saturated aliphatic, In the same proportions specified above for the contact step of the solid (A) -i- (B) 

20 with (C). The contact temperature is preferably maintained between room temperature and 100*C. for tfrnes of from 1 
to 30 minutes. 

The solid resulting from (B) and (C). preferably after separation from the inert liquid medium, is then Interacted with 
component (A) basically under the same conditions previously deschbed for the contact between (A) and (B) accorxfing 
to method (Q. The resulting catalyst can be used as such, or, preferably, in the presence of a further portion of compe- 
ls nent (C) so t^ the ratio between transition metals and aluminium is stiD within the limits previously specified. TTiis fur- 
ther portion of (C) is preferably between 10 and 50% by weight of the total amount of component (C) used. 

In addition to components (A). (B) and (C), the catalyst of the present Invention can comprise, if necessary or 
desired, all the other usual components, which are normally held suitable for optimizing the polymerization on the basis 
of the characteristics desired of the resulting polymer. Additives or oomponents which can be included in the prepare- 

30 tion and/or formulation of the catalyst of the present invention are, apart from the inert solvents already mentioned, co- 
ordinating additives (Lewis bases) such as. for example, ethers, esters, tertiary anvnes. alcohols, phosphines, halogen- 
ating agents such as silicon haOdes and the like. 

The catalysts of the present invention can be used in the (co)polymerization of olefins to give linear polymers hav- 
ing different characteristics. Alpha-olefins which can be polymerized with the catalysts of the present invention prefera- 

as biy contain from 2 to 20 carbon atoms and can also comprise heteroatoms, provided this does not cause the 
deactivation of the catalyst. The present catalyst is preferBt)ty used in processes for the homo- and oo-polymerization 
of l-alkenes such as ethylene, propylene, 1 -buteno. 4-methyl-l -pentene. 1 -octene, 1 -decene, styrene and similar prod- 
ucts, to give amorphous or crystalline polymers with a high molecular weight or also with a lower molecular weight, 
when desired, carrying out the polymerization under conditions suitable for the purpose, normally known in tiie art 

40 The catalysts of the present invention can be used with excellent results in the polymerization of ethylene to give 
linear polyethylene and in the copotymerization of ethylene with propylene or higher alpha-olefins to give copolymers 
having different characteristics d^ending on the specific polymerization conditions and on the quantity and structure 
of the alpha-olefin itself used as oomonomer. The catalyst of the present invention can also be convenientiy used for 
the terpolymerization of ethylene, propylene and a diene to obtain vulcanizable rubbers of the EPDM type. 

46 The present catalysts can also be advantageously used for the stereoselective polymerization of a-olef ins. prefer- 
ably containing from 3 to 20 carbon atoms, to obtain iso- or syndiotactic polyolefins wfth a high stereospecif ictty. The 
iso- or syndio-tactic orientation basically depends on the structure of the a-olefm which is polymerized and on the type 
of catalyst. Catalysts are normally used in which component (A) comprises a bridged cyclopentadienyl complex. Iso- 
tactic polymers are obtained, for example, of propylene (isotactic polypropylene) and 1 -butene Osotactic poly-1 -butene). 

so and syndiotactic polymers of etyrene and homologous substituted products. TTie stereoselectivity which can be 
obtained with the catalysts of the present invention is very high, normally more than 98% of pentads respectively iso- 
or syndio-tactic, also in processes earned out at high tenperatures of up to ISO'^C. 

The catalysts of the present Invention can be used with excellent results in basically aO the known polymerization 
processes of alpha-olefins, and particulariy in processes in suspension, at low. medium or high pressure and at tem- 

55 peratures of between 50 and 240*^0. in processes in a gas phase, espedatly with a fluid bed, both traditional and wfth 
the introduction of a vaporizable Gquid, or in processes in solution in an inert diluent normally operating at pressures of 
between 10 and 150 bars and temperatures of between 120 and 230^0. Hydrogen is normally used as molecular 
weight regulator. In all cases, the catalysts of the present Invention are characterized by a distinct increase in activity 
compared to that obtained with nomial catalysts based on component (A) alone supported on inert canriers based on 



8 



EP0785 220A1 



inorganic oxides. It 8hould also be pointed out thai the catalyst of the pres^ invention reciuires a relatively limited 
quantity of aluminiuni. 

AocoRfmg to a particular aspect of the present invention, the improved catalyst tor the (co)poIymeriza1ion of alpha- 
olefins is prepared separately according to one of the methods mentioned above, and subsequentfy introduced into the 

5 polymerization environment. The catalyst can be Introduced firs! Into the polymerization reactor. IbDcwed by the reagent 
mixture containing the alpha-oleftn and possible comonomm and additives, such as the molecular weight regulator, or 
the catalyst can be introduced onto the reactor already containing the reagent mixture, or finally, the reagent mixture and 
the catalyst can be fed contenporaneously into a continuous reactor. 

According to another aspect of the present Invention, the catalyst is formed in srtu in the polymerization reactor, for 

w example by introducing in the desired proportions, but separately from each other, the resulting product of the interac- 
tion of components (A) and (B) from one side and convsonent (C) from the other, possibly in the presence of an inert 
solvent 

The present invention is further descnbed by the tollowing examples which however are purely illustrative and do 
not limit the scope of the Invention itself. 

75 

Example 1 

PrenaratioTi of lha soBd catalyst component ■ 

20 200 ml of a solution containing 29.2 g (1 75 mmoles) of magnesium butyl octyl (BOMAG A. produced by WITCO, 
Mg(C4H9)i .5(CbHi7)o.5 dissolved In n-heptane are charged. In a rrtrogen atmosphere, into a 500 ml flask equipped with 
a reflux condenser, mechanical stirrer and thermometer. 20.5 ml of tin tetrachtorlde (179 mmoles) are added dropwise 
to the solution over a period of 30 minutes under stirring, the temperature being maintained at between 0 and 20''C. The 
tenperature is then brought to GS^'C and the mixture is left to react for about 1 hour. The formation of a solid precipitate 

2$ is observed. The mixture is then cooled to 4^0 without stinging and most of the liquid is separated by siphoning. The 
solid is then washed two or three times with n-hexane at room temperature and finally dried under vacuum. 1 7.3 g of a 
granular whtite solid are obtained with an apparent density of 0.22 g/hil, containing 1 8.6% by weight of magnesium and 
2.7% by weight of tin. 

TTie solid thus obtained (17.3 g) is suspended in 80 ml of titanium tetrachtorlde. and the mixture maintained under 
30 stin-ing for two hours at a temperature of 90^0. After cooling to room temperature, the su^ended solid is separated by 
filtration, thoroughly washed with n-hexano, and then dried by evaporation of the solvent under vacuum. 16.2 g of an 
active solid are thus obtained, containing 1 7.2% by weight of n^gnesium, 1 .57% by weight of titanium and 0.78% by 
weight of tin, which is used as support for the metallocene conrponant. 

374 mg of bis-(t)^cydopentadienyl) zirconium dlchtoride KC5H5)2ZrCl2, 1.13 mmoles] and 350 mi of anhfydrous n- 
35 heptane are charged, in a nitrogen atmosphere, into another 500 ml flask equipped with a rdlux condenser, mechanical 
stin^er and thermometer. The mixture Is brought to a temperature 70*C and Is left under stirring until the complete dis- 
solution of the zirconium complex. 20 g of the active support obtained as described above are then introduced into the 
solution, and the mixture Is maintained under stirring at 70'^C for a further two hours. It Is then left to cool to 40X without 
stining and most of the liquid is separated by siphonnng. The solid residue is washed with n-hexane and finally dried at 
40 room temperature bf evaporation of the solvent under vacuum 

1 9.2 g of a soDd oomponent of catalyst according to the present Invention are obtained, having a pale yellow colour 
and containing 16.9% by weight of magnesium. 0.48% by weight of tin, 1.22% by weight of titanium and 0.52% by 
weight of zirconium. 

45 PdYmerizHtlPn 

An autoclave with a volume of 5 litres, equipped with a magnetic anchor stirrer and electricaUy heated, is flushed 
with a nitrogen stream tor 2 hours a! 1 1 5"^. coded to room temperature^ fed with about 2 IHres of n-hexane and heated 
under stirring to 40*'C. 

so 52.6 mg of the solid component prepared as above are suspended In 70 ml of n-hexane and introduced, under 
nitrogen, into the autoclave. A solution obtained by diluting in 30 ml of toluene a solution at 10% by weight of metiiyla- 
luminoxane (MAO; produced by WITCO) corresponding to a content of 7.4 mmoles aluminium, is subsequently 
edded. The atomic ratio Al/Zr is in this case about 2500. 

Hydrogen and ethylene are then fed into the autoclave in the estatsiished aliquots until a total pressure of 1 5 bars 

55 is reached. The autoclave is heated to polymerization temperatura The polymerization is carried out for the desired 
time, continuously feeding ethylene to maintain the pressure at a constant value of 15 bars. At the end of the polymer- 
ization the autodsve is cooled to room temperature, the non-reacted gases are removed and the suspenston containing 
the polymer Is coDected. The polymer is filtered and dried In an oven at 60*C. 

More specifically, in this example, tiie polynrierization is carried out at ecC, tor a time of 1 .5 hours, using 2 bars of 
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hydrogen as mol^lar weight regulator 668 g of polyethytene are obtained, having an intrinmc viscosity [ri equal to 
2.88 dl/g and a monomoda) molecular weight distribution, M-l.^ Ooad of 2.16 kg; 190''C; according to ASTM D1238) 
equal to 0.06 g/10\ M.l.p (load of 21 .6 kg: ISO^'C; according to ASTM D1236) equal to 3.42 o^O\ S.S. (Mlp/Mle) equal 
to 57 and an apparent den^ of 0.32 gM, wHh a yield equal to 12.7 of polyethylene per gram of solid component 

s 

Example 2 

A polymerization of ethylene is carried out under the same concfitions and with the same catalytic system described 
In the previous exanple 1 , with the exceptton that 23.3 mg of solid component and a quantity of MAO corresponding to 
10 0.66 mmoles of aluminium, are used, with an atomic ratio Ai^ of about 500. 

At the end 534 g of polyethylene are obtained, having an intrinsic viscosity p\] equal to 3.15 dl/g. M.l^ (2.16 KG; 
ISO^'C) equal to 0.055 g/10\ M.l.p (21.6 kg; 190<'C) equal to 2.30 g/10\ aS. (Mlp/MI^ equal to 41.8 and an apparent 
density of 0.233 Q/re\\, with a yield equal to 22.9 kg of polyethylene per gram of solid component The particle size dis- 
tribution of the polymer thus obtained is shown in table 1 below. 

Examples 

A polymerization of ethylene is can'ied out under the same conditions and with the same catalytic system described 
in example 1 , with the exception that 51 .2 mg of solid component and a quantity of MAO con-espondlng to 0.73 mmoles 
20 of aluminium, are used, with an atomic ratio Al/Zr of about 250. 

At the end 732 g of polyethytene are obtained, having an intrinsic viscosity [n] equal to 2.92 dl/g. M.l.^ (2.16 KG; 
190<*C) equal to 0.07 g/10'. M.l.p (21 .6 kg; ^90''C) equal to 3.1 g/1 0'. S.S. (MIr/MIe) equal to 44.3 and an apparent den- 
srty of 0.28 gAnl, witti a yield equal to 14.3 kg of polyethylene per gram of solid component 

25 Example 4 

A polymerization of ethylene is carried cut under the same concfitions and with the same catalytic system described 
in example 1, with the excepticn that 15 mg of solid component and a quantity of MAO corresponding to 0.43 mmolee 
of aluminium, are used, with an atomic ratio Al/Zr of about 500. 
30 At the end 345 g of polyethylene are obtained, having an intrinsic viscosity tn] equal to 3.31 dl/g. M.I.E (2.16 KG; 
190^'C} equal to 0.075 g/10\ M.l.p (21.6 kg; igo^'C) equal to 2.21 g/10\ S.S. (Mlp/MI^ equal to 29.5 and an apparent 
density of 0.24 g/ml, with a yieU equal to 23 kg of polyettiylene per gram of solid component The particle size distrbu* 
tion of the polymer thus obtained Is shown In table 1 below. 

3S ExampteS 

A polymerization of ethylene is carried out under the same concfitions described in example 1 , using 41 .7 mg of the 
same solid component but Introducing, as co-catalyst instead of the solution of fAAD In toluene. 85.7 mg of trlmethyl 
aluminium (TMA, 1 .19 mmolee) dissolved in 30 mi of n-hexane. The atomic ratio Al/Zr in this case is about 500. 
40 At the end. 542 g of polyethylene are obtained, having an intrinsic viscosity [id equal to 3.15 dVg, M.I.E (2.16 KG; 
1 SQ^'C) equal to 0.04 g/1 0'. M.l.p (21 .6 Kg; ISO'^C) equal to 1 .74 g/IO*. S.S. (Mtp/My equal to 43.5 and an apparent den- 
sity of 0.30 gArd. with a yield equal to 13 kg of polyethytene per gram of solid component. 

Example 6 

46 

A polymerization of ethylene is carried out operating under the same conditions as example 5 above, but using 56 
mg of the solid component of example 1 and 90 mg of triethyl alumlrdum (TEA, 0.79 mmoles) as co-catalyst The atomic 
ratio fiJifZi in this case Is about 250. 

AX the end. 347 g of polyethylene are obtained, having an Intrinsic viscosity equal to 2.74 dl/g. hAA.^ (2.16 KG; 
60 ^9Q^C) equal to 0.13 g/10'. M.l.p (21 .6 1^; 190^0) equal to 5.91 g/ia. S.S. (Mlp/MI^) equal to 45.6 and an apparent den- 
sity of 0.26 g/M, with a yield equal to 6.2 kg of p^yethylene per gram of solid component 

IsenEteZ (comparative) 

55 A solid component of catalyst is prepared operating in exactly the same way as described in example 1 . but with 
the only difference that the granular white sofid containing magnesium chloride, obtained in the first step, is not sus- 
pended in titanium tetrachloride at 90*0. but Is used direclly for supporting the bis(T)^-Gyclopentad]enyl) zirconium 
dichlorlde. A white solid is obtained containing 20.28% by weight of magnesium, 1 .10% by weight of tin and 1 .08% by 
weight of zirconium. 
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22 mg of this solid component are used for can7ing out a potymerization o1 ethylene with an analogous procedure 
to that used in example 1 above. In particular, however, the polymerization is carried out in this case at 70°C. initiaDy 
introducing 0.5 bars of hydrogen instead of 2 bars, and i^ing a quantity of MAO corresponding to 6.5 mmoles of alu- 
minium (atomic ratio Al/Zr = 2500). At the end. 1 72 g of polyethylene are obtained having M. I.g (2.1 6 KG; 190*^0) equal 
5 to 1 .97 g/1 0*. M.I.F (21 .6 Kg; 1 SO^'Q equal to 101 .2 g^0\ S.S. (MIf/MIe) equal to 51 .4 con^esponding to a yield equal to 
7.9 kg of polyethylene per gram of solid component 

Example 8 (comparative) 

70 A polymerization of ethylene is earned out under analogous conditions to those described in example 1 , but using 
in this case non-supported bs-cydopentacfienyl zirconium dichloride as catalyst component. 0.5 ml of a solution in tol- 
uene of the zircx>nium complex (concentration 2 g/1) are then diluted with 70 ml of toluene and introduced into the auto- 
clave. The solution containing MAO (corresponcfing to 8.54 mmoles of aluminium) is subsequently introduced and the 
same procedure k then canled out as in example 1, wHh the difference that the polymerization is carried out at 70''C 

75 and 0.2 bare of hydrogen are initially introduced instead of 2 bars. 

At the end, 1 32 g of polyethylene are obtained in the form of a fine impalpable powder, having an intrinsic viscosity 
[n] equal to 0.61 dl/g and M.l.p (21.6 kg; 190'C) > 100 g/10'. 

It is evident that in this case a much lower average molecular weight is obtained than in the previous examples, in 
spite of the lower polymerization temperature and the reduced quantity of hydrogen used, as well as an unsatisfactory 

20 particle &ze control. 

Example 9 

A solid component of catalyst Is prepared basically following the same procedure described in example 1. but whh 
ss the only difference that 545 mg (1.13 mmoles) of ethytene-bis(Ti^-tetrahydroindenyl) zirconiumdichloride 
[Et(THInd}2ZrCl2] are used instead of b(s-{ii^-cyclcpentadlenyl) zirconium dichloride. 

At the end of the treatment a beige-coloured solid component is obtained containing 16.3% by weight of magne- 
sium, 0.37% by waght of tin. 1 .15% by weight of titanium and 0.43% by weight of zirconium. 

A polymerization of ethylene Is then carried out, using the same procedure as In example 5. using 30.4 mg of solid 
30 component and a quantity of MAO corresponding to 0.71 mmolee of aluminium (ratio Al/Zr equal to about 500). At the 
end. 51 7 g of polyethylene are obtained, having an intrinsic viscosity h] equal to 2.92 dl/g, M.I.e (2.16 KG; igo^'C) equal 
to0.07g/10*. M.l.p (21. 6 Kg; 190*^0) equal to 2.9 g/10', S.S. (Mlp/MI^) equal to41 and an apparent density of 0.29 g/ml, 
with a yield equal to 1 7 Iq of polyethylene per gram of soOd component 

55 Example 10 

Preparation of the solid component of catalvst 

1 0 g of silica (Grace Davison, type SD 3216-30) are subjected to activation treatment in two steps comprising first 
40 heating to 600"C for 4 hours in a nitrogen stream and subsequently a silanizatton treatment by reaction, in an inert 
atmosphere and in the presence of 20 ntl of n-hexane as solvent, with 0.88 ml of hexamethyldisllazane (C6H19SI2N, 
abrev.HMDS). 

5 g of the sIGca treated as above, and 30 ml of n-heptane anhydrous at room temperature are charged, in a nitrogen 
atmosphere, into a 100 ml flask equipped with a reflux condenser, mechanical stirrer and thermometer. 4.4 ml of a solu- 

45 tlon of BOMAG in n-heptane (WITCO. 3^ mmoles) are added to this suspension which Is then heated under stirring 
for 1 hour to BO^'C. TTie mixture is then cooled to O^'C and 0.46 ml of SnCl4 (3.92 mmoles) are added, under stirring, 
making sure that the reaction temperature does not exceed 25°C. The suspension thus obtained is heated under stir- 
ring for 2 hours to 70<'C, and subsequently coded to SO'^C. The suspended solid is filtered and washed with 10 50 ml 
aliquots of anhydrous n-heptan& It is then dried under atmospheric pressure for 1 .5 hours and at 85*'C to finally obtain 

so 5.2 g of a light ivory-ooioured soDd, containing 1 .63% by weight of magnesium and 2.35% by weight of tin. 

The solid thus obtained (5.2 g) is suspended in 30 ml of titanium tetrachloride, in an inert atmosphere, and the mix- 
ture maintained under stirring for two hours at a temperature of 90*^. The suspended solid is separated by filtration, 
vrashed with n-heptane at 90^0 and then with n-henane at room temperature, and finally dried by evaporation of the sol- 
vent under vacuum. 5.5 g of a sand-coloured solid are thus obtained, containing 1 .32% by weight of magnesium, 2.33% 

55 1:^ weight of titanium and 0.1 1% by weight of tin, vAUch is used as support for the metailocene component. 

Separately. 63 mg of bis-(it^-cyclopentadienyQziroonium dichloride (0.22 mmoles) are dissolved in 50 ml of anhy- 
drous n-heptane. 4.5 g of the solid support prepared as described above are added to this solution and the mixture Is 
heated to 70'^C and maintained under stirring at this temperature for 2 hours. After cxxillng to 30^0, the solid is filtered 
and washed with 4 50 ml afiquots of anhydrous n-heptane and with 2 50 ml aliquots of anhydrous n-hexane. It is then 
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dried under atmospheric pressure for 1 .5 hours at SS^'O. At the end of the treatment 4.0 g of a sand-coloured solid com- 
ponent of catalyst are obtained, containing 1.21% by weight of magnesium, 0.10%by weight of tin, 1.88% by weight of 
titarnum and 0.36% by weighA off ziroontum. 

5 Polymerization 

25.5 mg of the solid component of catalyst obtained as described above, are used, together with a quantity of MAO 
corresponding to 2.6 nvrroles of aluminium (ratio At/Zir equal to about 2500) in a potymerizaticn test of ethylene carried 
out with basically the same procedure descrflbed in exarrple 1. More specifically, the polymerizatbn is carried out at 
10 go*'C. at a total pressure of 15 bars and for a time of 1 .5 hours, using 0.1 bars of hydrogen as molecular weight regula- 
tor. 

At the end, 255 g of polyethylene are obtained, having an intrinsic viscosity [rj equal to 5.62 dl/g, M.I.e (2.16 KG; 
190'C) equal to 0.2 g/10\ M.I.f (21-6 kg; 190*C) equal to 6.3 g/10\ S.S. (Mlp/MIe) equal to 31 .5 and an apparent den- 
sity of 0.26 g/ml. with a yield equal to 10 kg of polyethylene per gram of solid component The particle size distribution 
15 of the polymer thus obtained is shown in table 1 below. 

Example 11 

A polymerization of ethylene is earned out basically operating under the same conditions described in example 10, 
20 but using 40 mg of solid component and a co-catalyst consisting of a mixture, in 30 ml of toluene, of MAO in a quantity 
corresponding to 3.33 mmoles of aluminium and 0.86 mmoles of TIBA (ratio Al/Zr equal to about 2600). 

At the end, 264 g of polyethylene are obtained, having an intrinsic viscosity [ti] equal to 8.76 di/g. M.I.e (2.16 KG; 
ISO^C) equal to 0.01 g/10, S.S. (Mlp/Mlg) equal to 15 and a bulk density of 0.31 g/ml, with a yiekJ eqiai to 6.6 kg of 
polyethylene per gram of solid component. 

25 

Example 12 

A polymerization of etliylene is carried out basically operating under the same conditions described in example 1 0, 
but with the difference that 63.9 mg of solid component are used and a quantity of MAO corresponding to 1 .33 mmoles 
so of aluminium, with an atomto ratio Al/Zr of ^Dout 500. in addition an initial partial pressure of hydrogen of 2 bars is used. 

At the end, 492 g of polyethylene are obtained, having an intrinsic viscosity [ti] equal to 3.43 dl/g, M.l.p (21.6 KG; 
190°C) equal to 1 .75 g/10, with a yield equal to 7.7 kg of polyethylene per gram of solid component The particle size 
distribution of the polymer thus obtained is shown in table 1 below. 

35 Example 13 

A polymerization of ethylene is canled out basically operating under the same conditions as example 10. using 
34.5 mg of the same solid oomponent but introducing, as oo-catalyst Instead of the solution of MAO in toluene. mg 
of HAA (0.72 mmoles) dissolved in 30 ml of n-hexane. The atomic ratio Al/Zr in this case is about 500. 
40 /U the end, 141 g of polyethylene are obtained, having an intrinsic viscosity [vi equal to 3.37 dl/g. M.l.^ (2.16 KG; 
igO^'C) equal to 0.06 g/10\ l^^.l.p (21 .6 1^; 1 90*>C) equal to 1 .8 g/lff. S.S. (Mlp/MIe) equal to 30 and an apparent density 
of 0.388 g/hil, with a yiekf equal to 4.1 kg of polyethylene per gram of solid component The particle eize distrftnition of 
the polymer thus obtained Is shcMm in table 1 below. 

46 Exampfe H (comparative) 

A solid oomponent of catalyst is prepared operating exactly as described 'm example 10 above, but with the only 
difference that the light ivory-coloured solid containing magnesium chloride and silica, obtained In the first step, is not 
suspended in titanium tetrachloride at SO^C, but is used directly to si;pport the bis(Ti^-cyclopentadienyl) zirconium 

so dichloride. At the end a Gght grey-coloured soDd oomponent Is obtained, containing 1.23% by weight of magnesium. 
0.57% by weight of tin and 0.53% by weight of zirconium. 

23.1 mg of the solid component of catalyst thus obtained are used together with 5.19 mmoles of MAO in a pdynv 
erization test of ethylene as described in example 1 . More spedfically. the polymerizatton Is earned out at 70''C. at a 
total pressure of 15 bars and for a time of 1.5 hours, using 0.2 bars of hydrogen as molecular weight regulator. 

55 M the end 67 g of polyethylene are obtained having an instrinsic viscosity [r\) equal to 0.83 dl/g and M.l.^ (2.16 kg; 
1 90''C) of more than 100 g/10*, with a yiekf equal to 2.9 kg of polyethylene per gram of sofid component 
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Table 1: Particles sizes of polyethylene 
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Averacre DairtiJ.cle 
diameter (ptn) 


Weight percentage 
mer 


in the poly- 






Ex.2 


Ex.4 


Ex.10 


Ex. 12 


Ex.13 


10 


more than 2000 


30.2 


0.0 


0.0 


0.0 


0.0 




from 1000 to 2000 


48.2 


1.4 


6.4 


2.6 


5.2 


19 


from 500 to 1000 


17.8 


4.8 


79.2 


74.6 


75.4 




from 250 to 500 


2.6 


29.6 


14.2 


21.8 


19.4 




from 125 to 250 


1.0 


55-0 


0.2 


1.0 


0.0 


20 


from 63 to 12 5 


0.2 


9.2 


0.0 


0.0 


0.0 




less than 63 


0.0 


0.0 


0.0 


0.0 


0.0 
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Qalms 

90 1. Supported catalyst for the (co)polymerization Of comprisnigthefbllovkringoomponerTtsinooritadwH^ 
each other: 

(A) a metallocene derivative of a metal selected from the group cxMisisling of transition nietals and lanthanldes, 
capable In hself of promoting the polymerization of alpha-clefins in the presence of or without suitable actlva- 

35 tors; 

(B) a solid component obtained by a process comprising the following steps: 

(i) contact. In a solution of an Inert organic solvent of a magnesium diaDcyl, or magnesium alkyt halida. a 
tin (iV) halide and optionally also an all^ halide, with an atomic ratio between the tin, In ea'id tin halide. and 
40 the magnesium, In said magnesium cfiallcyl or magnesium alkyi halide, of between 0. 1 :1 and 50:1 , and with 

a molar ratio between said optional alkyI haDde and tin haOde lower than or equal to 10:1 , until the forma- 
tion of a granular solid containing halogen, magnesium and tin; 

GQ contact of said granular solid and Its interaction with a titanium halide. ailroide or halogen^alkoxide. 
with an atomic ratio between the magnesium, in the granular solid, and the titanium, in the titanium com- 
45 pound, of between 0.01 :1 and 60:1 . to obtain a soCd containing titanium, magneshjm, halogen and tin, the 

metals being m the following atomic ratio: Ti/Mg/Sn=1/(0.5-«)}/(0.001-5.0); 

(G) an organometallic derivative of aluminium of which at least 50% of the alumiriium atoms are bound to at 
least one alkyI cart)on atom. 

so 

2. Catalyst aocorcSng to daim 1 , wherein said metallocene derivative is represented by the following formula (li) : 



55 
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(II) 



10 

wherein: M represents a metal selected from the metele of groups 3 to 5. or of the group of lanthanides in the 
periodic table of etements; 

Cp Is an anion containing an t^^-cydopentadienyl ring co-ordinated to the metal M, 
15 each of the n R* independently repreeents a substituent group selected from hydride, halide, a Ci-Cb 

alkyl group, a C3-C12 alkylsilyt group, a Cs-Ca cydo-alkyl group, a Ce-Cio aryf group, a OyOs alkoxyl 
groups a CrCs carboxyl groif). a C2-C10 dinlkylamlde group and a C4-C20 alkyteilylamide group; 
R'represents a cubstituent group of the ^me kind as the preceding R' groups independently selected 
from these, erase cond anion containing an n^-cydopenta dienic ring coordinated to the metal M; 
20 R^Vepresents a divalent group having from 1 to 1 0 carbon atoms, possibly containing one or more het- 

eroatoms. preferably O, N, P or Si, which is bridged between Cp and R" with a covalent bond. R"*is 
preferably selected from alkylene. dialkylsltylene, diarylsilylene, alkyl- or aryl- amino or phosphino rad- 
icals, arylene. arytene-bis-alkyfene radicals and the like; 
"n" is an integer and is equal to the valence of M less 2; 
25 YcanbeOorl. 

3- Catalyst according to claim 2, wherein, in fbnnula (II) . Y is 1 , R"* is selected from alkylene, dialkylsilylene, diaryls- 
ilylene. arylene and arylene-bi&-alkylene and R" is a second anion containing an T|^-cyclopentadienyl ring co-ordi- 
nated to the metal M. 



30 



Catalyst according to claim 2, wherein, in fbrmula (ll)» V is 0, and R" is a second anion containing an ii^-cydopen- 
tadienyt ring co-ordinated to the metal M. 



5. Catalyst according to any of the previous claims, whereffi the metal of the metallocene derivative is selected from 
35 the group consisting of titanium, zirconium and hafnium. 

6. Catalyst according to any of the previous daims, wherdn, in step (0 to obta^ said sdid component (B), a magne- 
sium dialkyi Is used, selected from the oompounds definable with the formula MgR^pR®(2-p)' wherein and R^. 
each independently represent an alkyl group, linear or branched, containing from 1 to 10 caitx)n atoms and "p* is 

40 a decimal number between 0 and 2. 

7. Catalyst according to daim 6. wherein eaid magnesium dialkyi is selected from magnesium diethyl, magnesium 
ethyl butyl, magnesium dihexyl, magnesium butyl octyl, magnesium dioctyl. 

46 8. Catalyst according to any of the previous claims, wherein. In step (i) to obtain said solkJ component (B). the tin (IV) 
halide is selected from the chlorkJes and bromides of tin and is preferably tin tetrachloride. 

9. Catalyst according to any of the previous dainrs. wherein, In step (0 to obtain said solid component (B). the alkyl 
halide, if present, is selected from primary, secondary or tertiary alkyl chlorides and bromides, wherein the alkyl 

so group contains from 1 to 20 carbon atoms. 

1 0. Catalyst acoor<fing to any of the prevk)us daims. wherein, in step (i) to obtain said solid component (B), a solutbn 
of magnesium dialkyi or magnesium alkyl halide in a hydrocarbon solvent is prepared; the tin halide Is added to this 
solution at a temperature of between -30 and -fSCC, the mixture is then maintained at a tenperature of between - 

55 30 and -1-1 20''C Ibr a time of about 10 minutes to 5 hours, until a granular solid is fbnned. 

1 1 . Catalyst according to any of the prevbus claims fTom 1 to 9, wherein. In step (i} to obtain said solid component (B), 
the precipitation is cabled out In the presence of a sdid material in partlde form consisting of a porous granular 
inorganic oxide. 
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12. Catalyst according to daim 11, wherein said porous granular solid is selected from silica, aluntina, sHico^mi- 
nates, phosphated alumina, molecular sieves, and Is prefetably siBca. 

13. Catalyst according to any of the previous claims 11 or 12, wherein said porous granular solid is activated before 
5 i^e by a process selected from those Dsted balGw: 

- heating in an inert atmosphere, to a temperature from about 1O0''G to about 80(r C. for a time of between 1 and 
20 hours, 

• treatment with a solution of an alkylderlvBtive or an alkyl-halide of a metal selected from the metals of groins 
10 1 , 2 or 1 3 of the Periodic Table of Elements, in a liquid arphatic riydrocarbon solvent, 

- by treatment with a solution of a sOazane in an aEphatic hydrocarbon solvent. 

- treatment with a solution, in an inert hydrocarbon solvent of a tin tetrahalide. until at least part preferably 
from 80 to 100% of the hydroxide groups initially present on the surEace of the soSd have been neutrafized or 
eliminated. 

75 

14. Catalyst according to any of the pre^ous claims, wherein, in st^ (10 to obtain said soEd component (B), the tita- 
nium compound is selected from the haOdes. alludes and halogen alkoxides of titanium. 

15. Catalyst according to cym 14. wherein the titanium compound is selected from titanium tetrachloride, titanium 
20 tetrabronrtide, titanium tetra-n-propylate, titanium tetra-n-butylate, titanium tetra-i-propylate, titanium tetra-i-butylate 

and the oorresponding titanium mono- or dichloro alkooddes and mono- or di-bromo alkoxides. 

16. Catalyst according to daim 15, wherein the titanium compound is titanium tetrachloride. 

25 17. Catalyst according to any of the previous claims, wherein, step (ii) to obta^ the solid component (B), is can^ied out 
in suspension In a hydrocarbon solvent, or In a Dqidd titanium compound, at a temperature of between 60 and 90^C 
for a time of from 1 to 2 houra 

18. Catalyst according to any of the previous claims* wherein component (C) is an aluminium alkyi or alkylhalide, or an 
$0 aluminoxane. 

19. Catalyst according to any of the previous claims, wherein component (C) is polymeric methytaluminoxane having 
from 4 to 70 aluminium atoms per molecula. 

35 20. Catalyst according to any of the previous claims, wherein the relative quantities of components (A), (B) and (C) are 
such that the atomic ratio between the magnesium in (B) and the transition metal in (A) is between 1000:1 and 1 :1 , 
and the atomic ratio between the aluminium in component (C) and the transition metals present in (A) and (B) is in 
the range of 10 to 5000. 

40 21 . Catalyst according to daim 20, wherein said atomic ratio between the aluminium in component (C) and the transi- 
tion nnatals present In (A) and (B) Is between 100 and 1000. 

22. Process for the preparation of the catalyst according to any of the claims from 1 to 21 , comprising first putting com- 
ponent (A) and component (B) in contact with each other, in the presence of an aromatic or aliphatic, hydrocarbon 
45 solvent, at a temperature of between room temperature and 1 0O^'C. for a time of between 30 minutes and 5 hours, 
and subsequently intemcting the product resulting from (A) and (B) with oorr|X)nent (C) in the presence of a liquid 
medium, preferably consisting of a hydrocarbon, for a minimum time of between 2 seconds and 5 minutes, at tem- 
peratures of between -50 and •i-150''C. 

so 23. Process according to claim 22, wherein components (A). (B) and (C) are put In contact In such quantities that the 
atomic ratio between the magnesium in (B) and the transition metal in (A) is between 1000:1 and 1:1, and the 
atomic ratio between the aluminium in component (C) and the transition metals present in the product resulting 
from (A) and (B) is in the range of 10 to 5000, preferatily between 100 and 1000. 

55 24. Process for the preparation of the catalyst according to any of the daims from 1 to 21 . comprising mixing and main- 
taining in contact said conponents (B) and (C). in the presence of an inert hydrocait)on solvent, at a temperature 
of between room temperature and lOO'^C, for times of between 1 and 30 minutes: separating the solid resulting 
from the Interaction of (B) and (C) from the Inert sdvent; Interacting the soDd with component (A), In the presence 
of an aromatic or aliphatic, hydrocarbon solvent, at a temperature of between room temperature and lOO^C. for a 
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time of between 30 minutes and 5 hours. 

25. Process according to daim 24, wherein components (A), (B) and (C) are put in contact in such quantities that ttie 
atomic ratio between the magnesium in (B) and the transition metal in (A) is between 1000:1 and 1:1; and the 

5 atomic ratio between the aluminium In component (C) and the transHion metals present In the product resulting 
from (A) and (B) is in the range of 10 to 500O. preferably from 100 to 1000. 

26. Process accoiding to any of the previous claims 24 or 25, wherein component (B) is put in contact with a part, pref- 
erably from 50 to S0% weight of component (C). the resulting product is interacted with component (A) and the 

to solid thus obtained Is put in contact with the remaining part of component (C). 

27. Process for the (co)polymerization of alpha-olefins. comprising feeding at least one alpha-olelin and possible co- 
monomers to a continuous or k)atch reactor, and (co) polymerizing the mixture in suspension or solution in a suitable 
liquid medium, or in a gaseous phase, in the presence of a polymerization catalyst, characterized In that said cat- 

15 alyst is the catalyst according to any of Ifie previous dainre from 1 to 21 . 

28. Process according to daim 27. wherein the alpha-defin is ethylene. 

29. Process according to any of the previous claims 27 or 28. wherein said catalyst is formed in situ in the pdymeriza- 
20 tion reactor by contact of said component (C) with the product resulting from components (A) and (B). 
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